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FREQUENCY MEASURING DEVICE 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a frequency measuring device for 
measuring the frequency of an electric power system. 

2. Description of the Related Art 

A known frequency measuring device includes a means for sampling an 
input signal at a predetermined cycle or period to convert it into digital data 
thereby to obtain a data row, a means for obtaining, from the data row, the timing 
of each zero crossing point based on pieces of data at a plurality of points before 
and after each zero crossing point, and a means for obtaining the fundamental 
wave frequency of an input signal by detecting, as one cycle or period thereof, 
the time between two adjacent zero crossing points at which the input signal 
crosses a zero level in the same direction (for instance, see a patent document: 
Japanese patent application laid-open No. H09-1 66630). 

However, the conventional frequency measuring device as referred to 
above determines zero crossing timings of the input signal through linear 
interpolation from a plurality of pieces of data in a sampling cycle or period, so it 
takes time to perform convergent calculations for linear interpolation, and hence 
the measurements of the zero cross timings need a relatively long time. 

In addition, after a zero crossing point has been detected, the detection 
of further zero crossing points at a midpoint and its neighborhood of one period 
at a frequency that has been set in advance as an estimated frequency, i.e., an 
estimated fundamental wave frequency of an input signal is nullified. As a 
result, when there are comparatively many harmonic components or noise 
components, the detection or measurement of zero crossing points would be 
influenced by such harmonic components or noise components. 
SUMMARY OF THE INVENTION 

Accordingly, the object of the present invention is to provide a frequency 
measuring device capable of measuring the frequency of an electric power 
system at high speed even if the electric power system has much noise or like. 
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Bearing the above object in mind, the present invention resides in a 
frequency measuring apparatus which is constructed as follows. That is, a 
voltage measuring part measures the voltage of an electric power system at 
timings which are obtained by equally dividing one period of a reference wave by 
4N (N being a positive integer). A chord length calculation part calculates, at 
each of the (4N + 1 ) timings, voltage vectors directed to points represented by 
complex numbers on a complex plane each consisting of a real part which is one 
of the voltages measured at a first timing comprising any of the (4N + 1) timings, 
and an imaginary part which is a voltage measured at a second timing delayed 
by 90 electrical degrees from the first timing. The chord length calculation part 
further calculates, at each of the (4N + 1 ) timings, the length of a cord connecting 
between a tip end of one of the voltage vectors calculated at a third timing 
comprising any of the (4N + 1) timings and a tip end of another of the voltage 
vectors calculated at the last timing before the third timing. A voltage 
root-mean-square value calculation part calculates, at a fourth timing comprising 
each of the (4N + 1 ) timings, a voltage root-mean-square value from those of the 
voltages which are measured at past 4N timings from the fourth timing and at the 
fourth timing. A rotational phase angle calculation part sums, at a fifth timing 
comprising each of the (4N + 1 ) timings, those of the cord lengths which have 
been obtained at past 4N timings from the fifth timing and at the fifth timing, and 
calculates, based on a total sum of the cord lengths and the voltage 
root-mean-square value, a phase angle between one of the voltage vectors 
calculated at a sixth timing comprising any of the timings and another voltage 
vector calculated at a timing preceding the sixth timing by one period of the 
reference wave. A frequency calculation part calculates the frequency of the 
electric power system from the phase angle thus calculated. 

With this arrangement, the frequency can be measured at high speed 
with high accuracy. 

The above and other objects, features and advantages of the present 
invention will become more readily apparent to those skilled in the art from the 
following detailed description of preferred embodiments of the present invention 
taken in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a frequency measuring device according to a 
first embodiment of the present invention. 

Fig. 2 is a flow chart of a frequency measurement procedure used in the 
frequency measuring device of Fig. 1 . 

Fig. 3 is a view of a voltage vector shown on the complex plane. 

Fig. 4 is a view showing the voltage vector having rotated in one cycle or 
period of a reference wave in Fig. 3. 

Fig. 5 is a view explaining the calculation of a chord length between two 
points at tip ends of voltage vectors. 

Fig. 6 shows the measurement result of the voltage root-mean-square 
values of an electric power system having a frequency equal to the frequency of 
a reference wave measured in Fig. 1 . 

Fig. 7 shows the measurement result of the voltage root-mean-square 
values and their mean or averaged values of the electric power system having a 
frequency different from the frequency of the reference wave measured in Fig. 1 . 

Fig. 8 is a view explaining the calculation of a phase angle facing a cord 
formed by two tip ends of voltage vectors. 

Fig. 9 shows the measurement result of the frequency and its mean or 
averaged frequency of the electric power system having a frequency different 
from the frequency of the reference wave measured in Fig. 1 . 

Fig. 10 shows the frequency measurement result of an electric power 
system having a frequency of 50 Hz (the frequency of the reference wave being 
50 Hz). 

Fig. 11 shows the frequency measurement result of an electric power 
system having a frequency of 60 Hz (the frequency of the reference wave being 
60 Hz). 

Fig. 12 shows the frequency measurement result of an electric power 
system having a frequency of 45 Hz (the frequency of the reference wave being 
50 Hz). 

Fig. 13 shows the frequency measurement result of an electric power 
system having a frequency of 55 Hz (the frequency of the reference wave being 
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50 Hz). 

Fig. 14 shows the frequency measurement result of an electric power 
system having a frequency of 55 Hz (the frequency of the reference wave being 
60 Hz). 

Fig. 15 shows the frequency measurement result of an electric power 
system having a frequency of 65 Hz (the frequency of the reference wave being 
60 Hz). 

Fig. 16 shows the values of a step size when the sampling period of a 
reference wave having a frequency of 50 Hz has been changed. 

Fig. 17 shows the values of a step size when the sampling period of a 
reference wave having a frequency 60 Hz has been changed. 

Fig. 18 is a block diagram of a power system frequency stabilization 
control apparatus using a frequency measuring device according to a second 
embodiment of the present invention. 

Fig. 1 9 is a block diagram of a generator frequency protective apparatus 
using a frequency measuring device according to a third embodiment of the 
present invention. 

Fig. 20 is a block diagram of a power distribution system dispersed 
power source individual operation preventive apparatus using a frequency 
measuring device according to a fourth embodiment of the present invention. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, preferred embodiments of the present invention will be 
described in detail while referring to accompanying drawings. 
Embodiment 1. 

Fig. 1 is a block diagram of a frequency measuring device according to a 
first embodiment of the present invention. Fig. 2 is a flow chart of the frequency 
measurement carried out by the frequency measuring device of Fig. 1. 

The frequency measuring device includes a voltage measuring part 2 for 
measuring the voltage of an electric power system 1 , an A/D conversion part 3 
for converting the measured analog voltage input thereto into digital voltage data, 
a storage part 4 for storing the digital voltage data, a chord length calculation 
part 5 for calculating the length of a cord formed between tip ends of adjacent 
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rotating voltage vectors upon each sampling, a voltage root-mean-square value 
calculation part 6 for calculating a voltage root-mean-square value from each 
voltage vector, a root-mean-square value voltage averaging part 7 for averaging 
the calculated voltage root-mean-square values in a prescribed period, a 
rotational phase angle calculation part 8 for integrating the calculated cord length 
in a prescribed period of time to calculate a rotational phase angle, a frequency 
calculation part 9 for calculating the frequency of the electric power system 1 
from the calculated rotational phase angle, and a frequency averaging part 10 
for averaging the calculated frequency of the electric power system for a 
prescribed period. 

The voltage measuring part 2 and the A/D conversion part 3 are 
constituted by a voltmeter 11 having a digital voltage output terminal. In 
addition, the storage part 4, the chord length calculation part 5, the voltage 
root-mean-square value calculation part 6, the root-mean-square value voltage 
averaging part 7, the rotational phase angle calculation part 8, the frequency 
calculation part 9 and the frequency averaging part 10 are constituted by a 
computer 12. The computer 12 includes a CPU, a RAM, a ROM and an 
interface circuit. 

Although in the following description, the frequency f 0 (Hz) of the 
reference wave being 50 Hz or 60 Hz is taken as an example, the reference 
wave is not limited to such frequencies. One period of the reference wave 
To(second) is a reciprocal 1/f 0 of the frequency f 0 thereof. (T 0 =1/fo) 

In addition, timings at which the voltage of the electric power system 1 is 
measured are decided by determining the sampling cycle or period. The 
sampling period can be any value by which one period of the reference wave 
can be equally divided into 4N (N being a positive integer). As will be described 
later, since a voltage at a time point delayed by 90 electrical degrees from each 
sampling timing is used as the coordinate of the tip end of a voltage vector, a 
time point delayed by 90 degrees from each sampling timing should be one of 
the sampling timings. The one period of the reference wave is represented as 
2tt (radian) in terms of the electrical angle. For instance, an electrical angle of 
such as, for example, tt/6, tt/12, tt/24, or tt/48 of the reference wave is 
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beforehand set as the sampling period. 

Next, reference will be made to the procedure of measuring the 
frequency of the power system 1 while referring to Fig. 2. In this explanation, it 
is assumed that the frequency fo of the reference wave is 50 Hz, the sampling 
period is tt/6 of the reference wave, and the step size At (second) is 0.00166667 
seconds. Also, k represents the order of the sampling timings, and the voltage 
measurement timing is rotated by a reference wave electrical angle of 30 
degrees between timings k = 1 and k = 2. 

In step 1, the voltage measuring part 2 measures the voltage of the 
electric power system 1 to be measured upon each sampling timing. The 
timing at this time (i.e., the present timing) is represented by k. The last timing 
at which a measurement was made at the last time is represented by (k-1), and 
the timing following the present timing is represented by (k+1). Thereafter, the 
A/D conversion part 3 converts the measured voltage in the form of an analog 
signal into a digital voltage signal, which is then stored in the storage part 4. 
When an instantaneous voltage value v of the electric power system is 
expressed by a voltage vector rotating in a counterclockwise direction around 
the origin 0 on the complex plane, as shown in Fig. 3, this measured voltage is 
the real part v re (t) of the instantaneous voltage as represented by expression (1) 
below. Here, note that V represents the voltage root-mean-square value (volts), 
u) the angular velocity of the voltage vector (radian/second), and <p 0 the voltage 
initial rotational phase angle (radian). The angular velocity co has a relation of 
u> = 2Trf with respect to the frequency f of the electric power system to be 
measured. 
[Expression (1)] 



In step 2, the chord length calculation part 5 calculates the length of a 
cord connecting between the tip ends or points of two instantaneous voltage 
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vectors. As shown in Fig. 4, the voltage vector of the electric power system to 
be measured rotates counterclockwise by a phase angle (radian) on the 
complex plane in one period of the reference wave, i.e., from a start time point of 
t = 0 to an end time point of t = T 0 . As shown in expression (2) below, an 
instantaneous voltage v(k) consists of an instantaneous voltage real part v re (k) 
and an instantaneous voltage imaginary part v im (k). As shown in expression (3) 
below, the instantaneous voltage imaginary part Vj m (k) is equal to v re (k-3). 
When the sampling period is assumed to be tt/6, the instantaneous voltage 
imaginary part v jm (k) is the voltage measured at the timing of (k-3). However, 
when the sampling period is assumed to be tt/12 for instance, the instantaneous 
voltage imaginary part v lm (k) corresponds to the voltage measured at the timing 
of (k-6). Thus, the coordinate at the tip end or point of the voltage vector can be 
represented by a complex number consisting of a real part v re (k) and an 
imaginary part v jm (k). The imaginary part vi m (k) is obtained by reading a 
corresponding v re (k-3) from the storage part 4. Since the coordinates of the 
voltage vectors at timings k and (k-1), respectively, can be obtained in this 
manner, the length Al(k) of a cord connecting between the tip ends or points of 
these voltage vectors shown in Fig. 5 can be obtained according to expression 
(4) below. 
[Expression (2)] 





[Expression (3)] 
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[Expression (4)] 
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In step 3, the voltage root-mean-square value calculation part 6 
calculates voltage root-mean-square values V within one period of the reference 
wave based on instantaneous voltage real parts v re by using expression (5) 
below. Fig. 6 shows the measurement result of the voltage root-mean-square 
values V. More specifically, Fig. 6 indicates the measurement result when the 
frequency of the reference wave is substantially the same as the frequency of an 
object to be measured. 
[Expression (5)] 



In step 4, the root-mean-square value voltage averaging part 7 
calculates the mean value V ave (k) of the voltage root-mean-square values V 
within one period of the reference wave according to expression (6) below. The 
mean value V ave (k) of the voltage root-mean-square values at timing k is the 
mean value of the voltage root-mean-square values which have been obtained 
from timing (k-11) to timing k, respectively. As shown in Fig. 7, when the 
frequency of the electric power system to be measured is different from the 
frequency of the reference wave, the voltage root-mean-square values oscillate 
around an actual voltage root-mean-square value. To remove the influence of 
such an oscillation, an averaging process is performed. 
[Expression (6)] 
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The accuracy in the voltage root-mean-square values thus processed 
improves according to the length of time of the averaging process. However, in 
order to shorten the measuring time, the averaging process is performed by 
using the voltage root-mean-square values obtained during the one period of the 
reference wave, e.g., in twelve samplings in this case. 

In step 5, the rotational phase angle calculation part 8 calculates a total 
chord length L 12 (k) based on the chord lengths calculated at the timings within 
the one period of the reference wave before timing k by using expression (7) 
below. Then, the rotational phase angle calculation part 8 calculates a 
rotational phase angle 2a k between timing k and timing (k+1) according to 
expression (8) below, as shown in Fig. 8. A phase angle qj(k) between one 
voltage vector at timing k and another voltage vector at a timing preceding the 
timing k by one period of the reference wave is calculated from the rotational 
phase angle 2a k thus obtained by using expression (9) below. The phase angle 
ip (k) is an electrical angle through which the voltage vector has rotated in one 
period of the reference wave. 
[Expression (7)] 
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[Expression (8)] 
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[Expression(9)] 
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ip(k)= 24xa k 



In step 6, the frequency calculation part 9 calculates the frequency f of 
the electric power system to be measured from the phase angle of 2tt of one 
period of the reference wave and the phase angle of (k) of the objected to be 
measured by using expression (10) below. Here, f 0 represents the frequency of 
the reference wave. 
[Expression (10)] 



In step 7, the frequency averaging part 10 calculates the mean value 
fave of the frequency f during one period of the reference wave by using 
expression (11) below. When the frequency f (k) of the object to be measured 
is different from the frequency f 0 of the fundamental wave, the frequency f (k) of 
the object to be measured in the expression (10) above oscillates around an 
actual frequency, as shown in Fig. 9. To remove the influence of such 
oscillation, the averaging process is performed. The accuracy of the frequency 
measured improves in accordance with the length of time of the averaging 
process. However, the averaging process of the frequency calculated during 
one period of the reference wave, e.g., in twelve samplings, is performed for the 
reasons of the measuring time, etc. 
[Expression (11)] 



In step 8, it is determined whether the frequency measurement of the 
electric power system is to be ended. When the measurement is further 
continued, a return to the step 1 is performed. 

The results in which the frequencies of electric power systems are 
obtained by using such a frequency measuring device are shown in Fig. 10 
through Fig. 15. Fig. 10 and Fig. 11 respectively show the measurement results 
when with respect to the frequencies of the reference wave being 50 Hz and 60 
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Hz, respectively, the frequencies of an object to be measured are similarly 50 Hz 
and 60 Hz, respectively. As can be seen from these results, the measurements 
without errors were obtained when the frequencies of the reference wave were 
close to the frequencies of the object to be measured. On the other hand, it will 
be understood from Fig. 12 through Fig. 15 that a maximum error of 0.5 % was 
generated in the voltage waveforms when the frequencies of the object to be 
measured were 45 Hz, 55 Hz and 65 Hz, respectively, which did not coincide 
with the frequencies of the reference wave. Although the actual frequency of 
an electric power system varies around a reference frequency, the frequency 
measuring device of the present invention can measure the stable frequency of 
the electric power system with high accuracy. 

In addition, though the step size At for calculation is assumed to be a 
reference wave rotational electrical angle of 30 degrees, the smaller the 
calculation step size At upon actual measurement, the higher becomes the 
accuracy in the measurement. Fig. 16 jand Fig. 17 show the relations among 
the reference wave, step size At (second), and the number of cords included 
within one period of the reference wave when the frequencies of the reference 
wave are 50Hz and 60Hz, respectively. 

Such a frequency measuring device for an electric power system 
calculates a voltage vector by using the voltages measured at the timings which 
are obtained by equally dividing one period of the reference wave by 4N, so that 
it obtains the frequency of the electric power system by comparison between the 
rotational phase angle of the voltage vector and the rotational phase angle of the 
reference wave. As a result, the frequency of the electric power system can be 
measured in a short time, i.e., in one period of the electric power system. 

In addition, in one aspect of the invention, by obtaining the running 
average of the voltage root-mean-square values, the frequency of the object to 
be measured can be accurately measured even if the frequency of the reference 
wave and the frequency of the object to be measured are different from each 
other. 

Moreover, in another aspect of the invention, by obtaining the running 
average of the frequency, the frequency of the object to be measured can be 
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more accurately measured even if the frequency of the reference wave and the 
frequency of the object to be measured are different from each other. 

Since in the present invention the voltage is represented by a voltage 
vector rotating on the complex plane, the present invention is different from the 
conventional alternating current theory in which the steady state of the voltage is 
represented by a stationary vector (phasor). 
Embodiment 2. 

Fig. 18 is a block diagram of a power system frequency stabilization 
control apparatus provided with a power system frequency measuring device 
according to a second embodiment of the present invention. 

The power system frequency stabilization control apparatus includes a 
central controller 15 for controlling a local electric power system 13 and having a 
frequency measuring device 14 for measuring the frequency of a local electric 
power system 13, a first control terminal 17 for controlling generators 16 
connected with the local electric power system 13, a second control terminal 19 
for controlling loads 18 connected with the local electric power system 13, and a 
third control terminal 22 for controlling an interconnection line 21 interconnecting 
between a wide area electric power system 20 and the local electric power 
system 13. 

The operation of this power system frequency stabilization control 
apparatus will be described below. The frequency measuring device 14 
included in the central controller 15 is similar to the one shown in Fig. 1, and 
hence its explanation is omitted. 

When the interconnection line 21 between the wide area electric power 
system 20 and the local electric power system 13 is interrupted, the third control 
terminal 22 transmits such an interruption of the interconnection line 21 to the 
central controller 15. At this time, the central controller 15 measures the 
frequency of the local electric power system 13 by means of the frequency 
measuring device 14. When the frequency of the local electric power system 
13 rises due to the interruption of the interconnection line 21, the central 
controller 15 sends a generator trip command to the first control terminal 17, 
whereby the first control terminal 17 executes a generator trip. In addition, 
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when the frequency of the local electric power system 13 descends, the central 
controller 15 sends a load trip command to the second control terminal 19, 
whereby the second control terminal 19 executes a load trip. 

Even if the interconnection line 21 is interrupted to leave the local 
electric power system 13 alone or separated from the wide area electric power 
system 20, such a frequency measuring device 14 can measure a change in the 
frequency of the local electric power system 13 at the stage of a small change 
thereof. Therefore, the generator or load can be tripped at a stage before the 
balance in the local system is not collapsed to a substantial extent. 

Moreover, even if harmonic noise is large as in the local electric power 
system, it is possible to accurately measure the frequency thereof, whereby the 
generator or load can be tripped in an appropriate manner. 
Embodiment 3. 

Fig. 19 is a block diagram of a generator frequency protective apparatus 
provided with a frequency measuring device according to a third embodiment of 
the present invention. 

The generator frequency protective apparatus includes a frequency 
protective device 24 for controlling a generator 16 and having a frequency 
measuring device 14 for measuring the frequency of a primary side of a step-up 
transformer 23 connected with an electric power system, and a circuit switchgear 
25 for connecting the generator 16 and a primary winding of the step-up 
transformer 23. 

The generator frequency protective apparatus measures the frequency 
of the primary winding of the step-up transformer 23 by means of a voltage 
transformer 26, and interrupts the circuit switchgear 25 at an exit of the 
generator 16 thereby to stop the generator 16 when the measured frequency of 
the step-up transformer primary winding exceeds a prescribed threshold (e.g., 
52 Hz). 

Since frequency measuring device 14 can quickly and accurately 
measure the frequency of generators or other electric power systems, it is 
possible to coordinate adjustment of the frequency threshold value set between 
generators and other electric power systems. 
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Embodiment 4. 

Fig. 20 is a block diagram of a power distribution system dispersed 
power source individual operation preventive apparatus used for dispersed 
power sources provided with frequency measuring devices according to a fourth 
embodiment of the present invention. 

In order to systematically interconnect dispersed power sources with 
each other, it is necessary to provide a power distribution system dispersed 
power source individual operation preventive apparatus that can detect 
individual operations of the dispersed power sources, and separate the thus 
detected individually operating ones thereof from the power distribution system 
when a part of the power distribution system including associated dispersed 
power sources is systematically separated from the rest of the power distribution 
system. 

The distribution system dispersed power source individual operation 
preventive apparatus includes two system side control terminals 28 each having 
a frequency measuring device 14 for measuring the frequency of a secondary 
side of a corresponding distribution transformer 27, a dispersed power source 
side control terminal 30 for controlling a generator 16 systematically 
interconnected with a distribution system 29, and having a frequency measuring 
device 14 for measuring the frequency of the generator 16, and a central 
controller 15 for monitoring the frequencies of the system side and the dispersed 
power source side so as to control the respective control terminals 28, 30. 

The control terminals 28 for controlling the secondary sides of the 
distribution transformers 27 and the dispersed power source side control 
terminal 30 constantly measure the frequencies of the distribution transformers 
27 and the generator 16, respectively, and transmit them to the central controller 
15. When the difference between the frequency of the secondary side of either 
of the distribution transformers 27 and the frequency of the generator 16 in the 
form of a dispersed power source exceeds a prescribed threshold (e.g., 0.1 Hz), 
the central controller 15 determines that an individual operation of the generator 
16 in the form of the dispersed power source has taken place, and sends a 
dispersed power source separation command to the dispersed power source 
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side control terminal 30. The dispersed power source side control terminal 30 
executes the separation command to trip the circuit switchgear 25. 

Thus, such a distribution system dispersed power source individual 
operation preventive apparatus can promptly separate the generator 16 from the 
power distribution system 29, so that the safety recovery of the power 
distribution system is ensured. 

While the invention has been described in terms of preferred 
embodiments, those skilled in the art will recognize that the invention can be 
practiced with modifications within the spirit and scope of the appended claims. 
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